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(54) UQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to obtain a device which has a broad 
visual field angle and does not give rise to a residual phenomenon by regulating sub- 
picture element regions with sub-electrode regions having apertures on at least either 
of the angles and sides of a polygonal shape. 

SOLUTION: The picture electrodes 24 of the liquid crystal display device 100 have 
the plural apertures 24a. These apertures regulate the sub-electrode regions 50 
having the apertures 24a on the angles or sides of the polygonal shape and act to 
axisymmetrically align the liquid crystal molecules 40a in the sub-picture element 
regions regulated by the sub-electrode regions 50. When voltage is applied to a liquid 
crystal layer 40, the liquid crystal molecules 40a having negative dielectric anisotropy 
are so align that the major axes of the molecules are made perpendicular to electric 
lines E of force. The electric lines E of force on the peripheries of the apertures 24a 
incline to the surfaces of the substrate 21 and the substrate 31 and the liquid crystal 
molecules 40a on the peripheries of the apertures 24a are so aligned as to fall radially 
around the apertures 24a. Consequently, the liquid crystal molecules 40a in the sub- 
picture element regions 60 are axisymmetrically aligned. 
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Japanese Publication for Unexamined Patent Application 
No. P2000/47217A (Tokukai 2000-47217) 

A. Relevance of the Above -identified Document 

This document has relevance to Claims 1, 3, 7, 42, 
43, 47, 48, 72, 74, 78 and 80 of the present 
application . 

B . Translation of the Relevant Passages of the Document 

[EMBODIMENTS] 

[0047] 

(A fourth embodiment) In the foregoing first to 
third embodiments, the nematic liquid crystal material 
having the negative dielectric anisotropy, as the raw 
material of the liquid crystal layer 40. In a present 
embodiment, a chiral agent (for example, S811 : supplied 
by Melk Co. Ltd) is added into the liquid crystal 
material. The chiral agent is added so that the chiral 
pitch of the liquid crystal layer 40 is about 18/im. In 
addition, the following is a reason why the chiral 
agent is added so that a twist angle is 90°, that is 
about four time greater than the cell thickness. To 
begin with, the light utilization efficiency and the 
color balance of the white display are optimized by 
having the twist structure when the electric field is 
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applied, as the liquid crystal display apparatus of the 
conventional TN mode. If the quantity of the chiral 
agent is too small, unstable is the twist alignment at 
the time when the electric field is applied, while 
addition of the chiral agent in too much quantity may 
make the vertical alignment unstable when the voltage 
is not applied. 
[0049] 

(A fifth embodiment) in a present embodiment 5, 
explained is an example where the angle of visibility 
is further widen when suitable phase difference plates 
are provided in the first to fourth liquid crystal 
display apparatuses. 

[0050] 

As to the pair of the polarization plates 102a and 
102b provided in the liquid crystal display apparatus 
100, it is assumed that an X axis is in an absorption 
axis direction of the polarization plate 102b on a side 
where the back light is located, and a Y axis is in a 
direction that is on the display surface and is 
vertical to the absorption axis direction, and a Z axis 
is in a normal direction of the display surface. 

[0051] 

As shown in Figures 15(a) and 15(b), provided 
between the polarization plate and the glass substrate 
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of the liquid crystal display apparatus 100 is a phase 
difference plate that satisfies a condition: nx = ny > 
nz, where refractive indexes of a phase difference 
plate are: (nx, ny, and nz) . 
[0052] 

As shown in Figure 15 (a) , when a phase difference 
plate 104a is provided between the polarization plate 
102a and the substrate of the liquid crystal display 
apparatus 100, characteristics in a visible angle are 
improved by having such an arrangement where the 
retardation of the phase difference 104a = a film 
thickness (dp) x { (nx + ny) / 2 - nz} is approximately 
equal to 1/2 to 3/2 of the retardation of the liquid 
crystal layer = a thickness of the liquid crystal layer 
x (ne - no) . An identical effect is attained when a 
phase difference plate is provided between the 
polarization plate 102b and the liquid crystal display 
apparatus 100 . 

[0053] 

As shown 15 (b) , when the phase difference plates 
104a and 104b are respectively provided between the 
glass substrate and the polarization plate 102a, and 
between the glass substrate and the polarization plate 
102b, the characteristics in the visual angle are 
improved by having such an arrangement that a sum of 
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the retardation of the respective phase difference 
plates 104a and 104b is approximately 1/2 to 3/2 of the 
retardation of the liquid crystal layer. 
[0054] 

Here, provided is an explanation on the effect of 
the liquid crystal display apparatus provided with the 
phase difference plates 104a and 104b shown in Figures 
15(a) and (b) , with reference to Figure 16. With 
respect to the retardation of the liquid crystal layer 
is 360nm (the liquid crystal layer having: a thickness 
= 4.5/im, ne = 1.55, and no = 1.47), Figure 16(a) shows 
how the transmittance depends on the visual angle at a 
time of black display if used are the phase difference 
plates 104a and 104b having various retardation. In 
Figure 16 (a) , an axis of abscissa 6 indicates the 
visual angle (an angle with respect to the normal 
direction of the display surface) in a 45° direction 
with respect to the polarization axis, while an axis of 
ordinate indicates the transmittance (a value 
determined when the transmittance of air is set as 1 to 
be a reference). In Figure 18(b), plotted is the value 
of the transmittance when the visual angle d shown in 
Figure 16(a) is 60°. 

[0055] 

As understood from Figure 16 (a) , when none of the 
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phase difference plates 104a and 104b is provided 
(Onm) , inclination of the visual angle between the 
polarization axis and the 45° degree direction (that 
is, greater d value) increases the transmittance (that 
is, causing light leakage), thereby deteriorating the 
black display. The provision of the phase difference 
plate 104a (and/or the phase difference plate 104b) , in 
which its retardation (dp x (nx + ny) /2 - nz) is set at 
an appropriate value, decreases the transmittance as 
shown in Figure 16 (b) . Especially, if the retardation 
of the phase difference plate is in a range between 
about 180nm (1/2 of the retardation of the liquid 
crystal layer) and about 540nm (3/2 of the retardation 
of the liquid crystal layer), when d = 60°, it is 
possible to suppress an increase in the transmission of 
to a level less than half of that of the case where no 
phase difference plate is provided. 
[0056] 

As discussed earlier, without provision of the 
phase difference plate, when no voltage is applied, 
observation of the displays in front (in a normal 
direction of the display surface) has an excellent 
black display, while observation with a diagonal visual 
angle (in a direction inclined from the normal 
direction) has a poor black display (black floating) 
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due to the light leakage due to the generation of the 
phase difference of the liquid crystal layer. The phase 
difference plate discussed above compensates the phase 
difference of the liquid crystal layer with respect to 
the diagonal visual angle, thereby attaining an 
excellent black display for a wide visual angle. In 
short, it makes it possible to display with a high 
contrast for a wide visual angle. Moreover, as shown in 
Figures 17(a) and 17(b), a phase difference plate 106a 
and/or a phase difference plate 106b is provided 
between the polarization plate 102a and the glass 
substrate, and/or between the glass substrate and the 
polarization plate 102b. The phase difference plates 
106a and 106b satisfy a condition: nx > ny = nz . Good 
display characteristics is attained by setting a sum of 
.the retardation of the phase difference plates 106a and 
106b: {dp x (nx - (ny+ nz)/2} at a value that is about 
1/10 to 7/10 of the retardation of the liquid crystal 
layer. The provision of the phase difference plates 
improves the black display when the display is observed 
from a direction making a 45° degree with the 
absorption axis of the polarization plate. 
[0057] 

Figures 18 explains an effect of the liquid 
crystal display apparatus provided with the phase 
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difference plates 106a and 106b shown in Figures 17 (a) 
and 17(b). Figure 18(a) illustrates how the 
transmittance is dependent on the visual angle at the 
time of the black display, in case the retardation of 
the liquid crystal layer is 360nm (the liquid crystal 
layer having: a thickness = 4.5 fim, ne = 1.55, no = 
1.47), while used are phase difference plates 106a and 
106b, having in the polarization axis direction 
retardation that is not 360nm. Note that, the 
retardation of the phase difference plate in an nz axis 
direction (dp x (nx + ny) /2 -nz) is fixed at 250nm. In 
Figure 18 (a) , an axis of abscissa 8 indicates an visual 
angle (an angle with respect to the normal direction of 
the display surface) of 45° degree with respect to the 
polarization axis, while an axis of ordinate indicates 
the transmittance (determined by setting the 
transmittance of air at 1 to be a reference) . In Figure 
18 (b) , plotted is the value of the transmittance when 
the visual angle 6 shown in Figure 16(a) is 60°. 
[0058] 

As understood from Figure 18 (a) , when none of the 
phase difference plates 106a and 106b is provided 
(Onm), inclination of the visual angle between the 
polarization axis and the 45° degree direction (that 
is, greater 6 value) increases the transmittance (that 
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is, causing light leakage), thereby deteriorating the 
black display. The provision of the phase difference 
plate 106a (and/or the phase difference plate 106b) , in 
which its retardation (dp x (nx (ny + nz)/2) is set at 
an appropriate value, decreases the transmittance as 
shown in Figure 18 (b) . Especially, when the retardation 
of the phase difference plate is in a range between 
about 3 6nm (1/10 of the retardation of the liquid 
crystal layer) and about 252nm (7/10 of the retardation 
of the liquid crystal layer, the transmittance is 
approximately less than 0.03, that is, when 6 = 60°, it 
is possible to suppress an increase in the transmission 
of to a level less than half of that of the case where 
no phase difference plate is provided. 
[0059] 

The two kinds of the phase difference plates 104a 
and 104b, and. 106a and 106b can be used together, as 
shown in Figure 19(a) . The present invention is not 
limited to an example shown in Figure 19 (a) , and any 
combination of the two kinds of the phase difference 
plates can be employed. Furthermore, as shown in 
Figures 19(b) and 19(c), it is possible to attain 
similar characteristics in the angle of visibility 
when biaxial phase difference plates 110a and/or 110b, 
which has substantially equivalent refractive index 
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anisotropy, is used. Instead of two sheets of the 
uniaxial phase difference plates, one sheet of the 
biaxial phase difference plate can be used so as to 
reduce the manufacturing process. 
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-4. 0, An= 0. 08) SSAlt. CCioi^L 

MU2 4GBBP8P2 4a^MLf^]^Lttf, MP 
»*Wlqi«filt:}&j«bT*J:i^ v^mcD»&t:*jv^T 
^©J|iffi2:«:S^Kl8llCF*3a>«a{c8UK®nPffi 
^ffcimfcCiO,, ^it@2 4CBBPSB2 4a 
*JKril-rsi:, *«Dtft^-->^b-C«SSR«ffi2 4 
SJKfi8-rSXSt:*t>-C, [R]B#tfflPgl52 4a«f 

[0 0 3 1] H3C, tAA^StB 1 0 0 tc4>HM*E 
SffliOU&ttaBT, l^HtfHtRl 0 0 a£S3£-:3;L<T 

■cffl3t*«asjSEftffofc«i»*^-r. «g3Rfa«i o o 

att, 1t7^^6 Oa, 6 0 b#«fcV6 0 c&#-f 

s. y-7&mmt&6 o a, 6 o b^^t^e o ctt, ^en 
-en, m2(D j *7 f wmmm5 o a, sobSiiFSOc 
iaotis^nti-^. TF T 7 0, y-h«7 2, 
4 3fe^3fc*aiiL3Q:^»^B)5R$n-C^5 

*J«tO c HP»2 4attJl<WlE$nT^* (MffijS 

r-ii, <fe*tSSSOfiffl*IoIOh: -y^-tttt 3 0 0 /imT\ 
WUfS^^^^m 1 0 O/zm, MPa5 2 4a©Sg 
(i^l O^mT-^So 
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[0 0 3 2] H3*»6W6A>!Q:J:-5C, Tl&JltfRtt 6 
0 a, 6 0 biJ<tt>-6 0 crtttk +*©iS3tefllttaHH 
*StlT*S 5 . *a^#*Wft5tt£ElqI UO^S C h 
iE»JBO-9-r«8ia«i5 0 a**ilF5 0 cT- 

[0033] ±jiLfcj;-5(^ ^.mmmm^x^t, t& 
Bg-rs-i:A 5 T-^5o £©«as5*s&«©** 

[0034] ±8B©tHT?H\ wnBovymmmms o 

a, 5 0 b, 5 0c JMbtA 5 , If ^«8KH«<3WBtt 

z^ifi. «ft©#{ftfttt#tt&J9-{b-rsfc«>£tt, eh 
«itfffiu>. S^i^IEM^©* 

Bft^ft*s,S^©T\ «fcWtt©J9-fb©»*a* 
Sn^o Hft»Ot»-y«ffi1B*5 0**-rSII&3R«ffi2 
4©ftfe©0iJ£l24 (a) *6 (c) fc*V*- 0 *6»C, £ 

mm±(D^MB<D^ymmmm,5 o &$&&x«ffi 2 

4©0J£@5 (a) *»6. (c) fC^fo 09*. If, 05 
(a) C^Lfciot:, Aft*fc©fttCBflPffi2 4a*E 
fiLTfc&<^U 05 (b) CC^b7ciot7 , N^ff^©cf 
'C»CM£MPa5 2 4 a£JfcJ$UT*>J:trV» 05 (b) © 

2 4 * ffl ^ tzmsiz », wskfH- immssifo 
Tzv-yt&mmmt. st> as (c) 

!3UcJ;9l:, ft#ff£©MPgf$2 4a£Aftfl£©iafc: 



[0 0 3 5] 1tyjfe3)SfSI«6 0 ©*§;*(£, W2 0/Um 

pwij©»^ mm 5 a 2 o /z m-e » 5 ^ t 

JLK. PBPfflJ2 4aS^«^fig-r5i:t&jRBBP*A*f£ 
T-T5©7?, &^«©ffl»c*6i:fc«*i*W£4:Si*y* 
jgt©/N-7>;*5#ji:LTs nasz4a®Gl (itr 

[0 0 3 6] (mMBM 2 ) 2 T- fct, «3Kicgg 

pffl*»tt-si:*t:, 3e»cGaafc»tt&»«fc:o^T 

r-f^h'J **»g8 0© lt&*C#Jfo-r3»«©± 

2 4©«a»(ra©ss®c, *€)t:iaffl2 4bs#rs. 
Tfto. in 2 trat#iB^^T?^u *©»iws«>*-r 

So C©0!n?fct, HS3 2 4bli^IlI2 4C«Jj«*n 
-0>S#> «fft«8S©<e3llfiS«rtt:7T5*bTt)J:i^o 
[0 0 3 7] HI 7 (CHI 6 ©VI I -VII ' |»t:j&-3&KBBI 
Stp-T. »£2 l±tUKfiR*nfc«li«2 2CE36M«& 
J5R*nT*t), CffllM2 2±C^11I2 4£ff*5£ 
-TScfcCiiK D3»2 4b*#-rs*fe*«ffi2 4i«K 
fi££ftTV>?,o HgB2 4b©88£ttlft5,mm?, ifigtt 
ISllOwm^?. ftgftll 0jum©HPffS2 4a&?g 

tt^ffi i fcra«c»js!i*n-cv^5. c©^s«@2 4± 

[ 0 0 3 8 ] DOSB 2 4 b±©*S^?4 0 a(£, HSC 2 
4b©a®t:JBj**nfcSifiErait2 6©at®fc*rbT 
aifitElRl-r S©T% C3SB2 4 b©4"&tt (H7 4'©tt 

«a) cis^oT«i*rfisttK:«<. ^©^ifiitt, 

4 0 aA s IBPgB2 4 a©fflac«^f S»ft«IWr.J:o 
TfcKSlqJ (MPffl2 4a©4"C**»&*Haj*) 
fe5„ t*oT> RSf4 2o©HPW2 4a©iWBI©ffi 
BtClH]gB2 4b&B58.i-Z>t, WPfflJ2 4a©S2C» 
^■T«»«>«^K:«t-3Tfl5J«*n*«S^?4 0 a©W 

f&KiStte o rt©«a^f 4 o k % tase 2 4 b©^/t>w 

J^5 0 a©Hiaffl©?5r»8«J«:ta«CIHl»2 4 bSrISftS 
Ci:(cj:o-C, ^M^©JS|fflgl5©®a^ : ?4 OaOi 
WftElRl £ ££fb . (Smwoffitt ^ Hi£) -T 5 c i: #T- 
^5, -T&to^s QDgC2 4b{±, R|Pffi2 4 afcBIBJL 
t> -y-^|{«**««-r*, Elg|52 4 b©E 

B(i> ISPge2 4 a. t£mte% nBZBf&tZ>£ 5 izB. 
■SftSCfctfflFS LUo D3gB2 4 b©ffJtti±n{cPS6 
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[0039] mmmm2<Dm^^m±. m&mzm 

<i 7-? V V 97,^8 0CDHSB2 4 btt, #Jx.tt\ ^ 
>y*i££ffl<^T, JP£^ 1 0 /zm©'> y n >^fbflH£ff* 
J$U 0335 2 4 b£*ftS-r £fflPgB£#-r3^:7^ 
- > £ ffl v * "C ^ * 5 s - > f t 3 z. t C J: o TffM-T £ c t 

©ggP^ODff^ ■ **£4>*5»§t2 2©JP£^.y^> 
^»T-MS51-?)C:h*5ft^o 0flffl2 4b©;fcS;£ttx 
HflPgB 2 4 a fcRWx nJBO»^CttiSSW 5 #m~tt 

2 0/zmffe?.3J:W$ bt\, 

[0 0 4 0] H8C, mS6ff£<8 2 (OftSS^SCf m 
WtESWiOUfctttBTS 1 1 0 0 bfciS£- 

1 ©flSIHt^B 1 0 0 © 1 1 0 0 a i:[3j*R 

t&Mi&M lOObft V7%&mffim6 0 a, 6 0 b 
0 cS:tt5. ^^Ife*fa«6 0 a, 6 0b£ 
it>*6 0 ctt, -^tl^tu 0 6©it^SffiTS^5 0 a, 
5 0 b*5«tW5 0 ct3J:-3T^$nT*5t)s fft*MftE 
IcjGDff'Critttt, C0gB2 ^b^uaC^ffM^tiT^So T 
FT 7 0s y-M72, MBfr^SttM 

J;r,>-^P^2 4 att«< WK^iiT^S. cfflWTftt, 

©K-vffig|10 0//m > MPSB2 4 a©itgttWl 0 

[0041] *mmmc&^x$>. mmzm 1 
EafiS2 4bc«t-3'r«i»-^fb-r5c:i:*»-e*s. t£ 

ot, IW^2©MJlg|^B©it^+£tt, 

<§ 1 ©r«JUI^SSB 1 0 0 fcHWC, i£JH»£WttS# 

[0042] ±i3©^j-C'(±, wmzvyy'wmw&s o 

a, 5 0b, 5 0c&MLfc^ ?7n.MmMO>ftZ®. 
tt^ne>CfKe>*U£</V> 04 (a) (c) K^bfc 
^PgP2 4a*#-r5«Sli«i2 
ft, 09 (a) (c) Cn*U&J:-5fc:iafiB2 4b& 
«LT*I^o 19 5 (a) A>e> (c) {C^Lfc 

BPSU2 4a*#-r5«a»t««2 4K:»UT» -tn*tt 
010 (a) (c) t^Ofci-5C0aSS2 4 b£S 
fiRLTt»«fclrV, Mg|5 2 4 btt, $Wfaffift©4 5 <C>$fi£(l 

* • s^fbir 5 £ o cf^-rio-r-, wjg-r awpffi 2 

4aODi*«*«)(4Bt:©a-rsci:* J <fF*U<, MPS5 2 
4 a* 5 iB5g-rS^^ffJi:^-[5]^^^$:ffM-r?>ct-5ic 



jH8BCfl&«S*iai3S5 2 4 b&, ?:7|&5IHHS86 OrtK 

ffM^n-s.cagB2 4bt-&iRia^ftB*^fi8raJ:-5t3 

ffiB£ft£©>W£ U><, 
[0 0 4 3] £©<£?&, cn«2 4b*JB«-rsci:K: 
«tt), 1f/MfM6 0©AU«5 0/im~|!llO 

o/zm£i@jgT-&tii£, J9-«t«a*r«;sfi*t:}Bj«-r4 

C£:#T-*3o Hgi$2 4b©*££, mZtiiLV 

Sett, MPSf$2 4 a©*££, JBtti'.ttJfStfcfcit, 

[0 0 44] (HIG^ffi 3 ) ±13© H»i 1 M 2 X- 
tt, ii§4 0©J?$SrSijfflI-r5^^.— Iti: LT> 7? 

WUt, 01 lC^Lfciot, T^^-^e-X 
9 2 1 0 0 c rttc#l£-r § ti&Kffi& 1 0 

o crt©^©»M^iafRi©-a5* s SLn^^A s feSo 
[0045] ^asff^ i fcpflac, 797-4 y^v*)9 

^SS2 0SMlfet, *Wbtt»IS (fi^Jxtt, OM 
R8 3 :««I&fbaS) £4tfmiSMlfeo 

«jaa©Eia±cieffiw 2 0 /im©stt^ 9 4 *^?> 

iot, cCD3t«<bS»J!B©«ft«Jfc -SflfcU 012 
(a) C5*Lfcffi^A»&fc*ett©S§e9 4&iBJ«b 
fco 012 (b) l^lfeioi:, ffilto^m#a 
ti7 6 ££«W*W?©ft£igSl b&V>»mrff*fi£ bT 
v ^ SH^rtc ii, Wfli!j^S:fta«® 7 6 ±(3ffitt^ 9 4 
5^figbT*)iV>„ 

[0046] z<d&, mmm 1 fcrawc lt, f*sa 

*miPb&*WBTf«SRIS«l 0 0 d4fI^^T-K« 
bfeig*> 0 1 3fc^b£J:-5£, ^ti^ncHPge 2 
4alC»*SUT«JI«' : P0 J S[ii«t:fBltU JftSHSBl 0 

0 d F*K3tt«s©»*f^iH[pi* s ^fig$nTv^ c ttm 
ffi^ffi l ©r#il3l^«B l 0 0 fcR«t:, tfi^lif^^tt 

t,>^^fcto, ^n^^rtf-^^fe^wWM^iaiqi© 

^rt^-ttfe[°i±b, ^atatf[qi±bfe. 

[0047] (ussffj® 4 ) ±m^nmmm 1 ~ 3 1 * 

Ttt, ±iB©?«^»*4i-*^7;i/^I S8 1 

1 : *)l>7\m) ZmiMLtzo ffl[ftli4 0C*iWSA'f 
7;i/br7fi s , ^Jl 8 > um(i&£<fc-5t::*'f 7.n/iW£^ 



*#&82000-472l7(P2000-47217A) 



(7) 



*, -tr ;ujf[cD*j*j tr to 4 {g© e ^ £ & S £ o £ ma -f 3 
©tt, WTClftiaSo WWAnRft: 9 0 * y 
^ hlgjlfc-f SChlzJ^T, fie#©TNt- K©ift 

[0 0 4 8] ±atu&J;-5t:j*S*mt:*-f 7;i/fflS«s 



SWltttl-CtiHl 0 0 e &{B££ttgTC8$ 
TZt, HI 4C5%L&«t-5t: % ^n^n©iBna5 2 4 

an»jiEU'rsyi» : PA j awwttt:fi8 | jn, f&ti$«i o o 

e rt£Cm«©*Wl^fatf ^StlT lr> S £ t. i 5 fitlK 
Sfifc. £lfi»84©«li3t^lt©3S**«tttt, uss 

mm i ©«a B a g^i i o o fcRHic, is^if^^tts 
M?fge^* 5 MD, uT©w*£#i«a±L 

2 4a«bfcS^ *S(^WlPS2 4a&St8L 

[0 0 4 9] (mmm 5 ) 5 c *tf t a", j 

iiCOKMfiBJB 1 ~ 4 ©iftJg&*%SB(CXf8&fiUB£tg 

[0050] imwmm i o o ti§9r»j-&— 

1 0 2 a&ilM 0 2 b©|*k ny*??* bi»!©fS3teffi 

1 0 2 b©n#iRi|tt#|pj£x$A, *Slirtt«Ri^l: 

afi^^fpisyw, atmHaaiswiRisziiifc-rs. 

[0 0 5 1] 015 (a) RU (b) £jj*UfcJ:3fc:, 
fi»IM«©a«f*ft (nx, ny, nz) £Lfc££, 
nx = ny>nz ©Hfli*^.-*" 5fiWSa*£ffl*KfcfS 
la^SH 0 0©#7*»Ri:©lHfc:»:t+;fc. 

[0 0 5 2] 131 5 (a) C^LfeioC, lttOGfcffl 
&K1 0 4a£<gftt£l 0 2att B H B Sf^il 0 0© 
»R4:©IHtcKtta»&K:fcJU fitfflSK 1 0 4 a©'J ^ 
7=-va > = 7-r;UAJP (dp) x { (nx + ny) / 
2-nz} Siiy|JB©y*^— *>3>=«iiJl©JP£x 

(ne-no) ©;£*£* 1/2 ~3/2fcfcS«fc -5 fc: 

fiiffla«feffl3t« 10 2b £r«HSt^3$B 1 0 0 i:©K 

tc a&( t tz t> ra«©a&* e n & . 

[0 0 5 31 015 (b) (c^LfeioCC fflJtK 1 0 

2 at i o 2 btw^f^^sffitroFJKc, ^ft-en&ti 

.S* 1 0 4 a i; 1 0 4 b £:£ 151* ^ft-^ft 



©ffifflMffil 0 4aSt>*l 0 4bffl'J^f-y3>5:^ 
StT\ i&UJi©'):^-: > a >©£££-£ l/2~3/ 

[0 0 5 4] 0 1 5 (a) (b) £^ LfdiffiSfS 
1 0 4 aM 10 4b fc«aa^E«©»*SBI 
1 6S#SSLTSiWr*. SBUffl^r-yaV*^ 
6 0nm (r&HJf ©JS£ 4 . 5>um, ne=l. 5 5, 
no= 1 . 4 7) iC*tUT\ fl^©'J^T ; -v3 
r 1 0 4 afitF 10 4b £ffl^fc*l£-©,#JS 

iiM^c*l + *^*©«*ltt#ffifcEli 6 (a) 
r. 016 (a) ^©1g$ft0tt, fS#$4i:4 5° ^(fiJC 

1 6 (a) ©4g*t0#6O° C#l+5»»|s©l*S»J* 

f->3 >C«bt7D >y h LtlgMi 1 8 (b) C 

[0 0 5 5] 016 (a) a»&fc>*»S«fc$C* tfcfflSK 
1 0 4 aSttl 0 4 b £t&[+£o (0 nm) »^ {gft 
lfli:4 5 0 #faC*HT«#!£gjr (<?#;*:£ <&5) 

i8»*#±#l, Otilft##£b) &$?&HSt^# 
#e>n«c«-^. ffiffl34K 10 4a (S^'/Xtt 104b) 
^rlStt, -e©'J^7=-v3> (dpx (nx + ny) / 
2-nz) *m$Jl3L&l£:lBt£.T&Z.lHZ*.-3-C* 016 

(b) c*ufc«t-5t: s asa**«'>*-e-sci:<i«T'# 

-So ItC^ ffiffl^tg© 'Ji'T-y 3 1 8 0 nm 

(M^Jl© V -> 3 >© 1 / 2 ) 5 4 0 nm 
(?ft^/l© , ;^7 ; — >3>©3/2) ©iIC^5t> , 

0*56 0° C*^4aBfl*©±»&(ifflS«*»tta:«f» 

Jix *JIM5I*QB#©M^(C*JV>T, IES (*^®OiS 

»*iri) *»6««Lfc»^©ma^i±A*F-r-*5^ $4 

ffi^©»^©fc«>, Jt«ti<»«4 1» AjSF&Ma^i'T'* | 
tSvx (H#§) „ ±l3©te*SM«tt, $4i*©iS^©f<l B ^ 

ii©{ata^^»-r2>©T% je^^{r4o^T&»^M 

t,Mi> h©g^* J pJtgi:^-5feo 017 
(a) St>* (b) K^LfeioC, nx>ny = nz© 
Hfti^raffitiatR 1 0 6 afil^/Xli 1 0 6 b%m 
«10 2 aSt>'/X(i 10 2b fc*7^S«i:©Mt: 

mttz,, mmts. i o e'aav i o e b© pf-i/ a 

> {dpx (nx- (ny + nz) / 2} Sr^ti-T-M^ 
JB© U 9?—*/ 3 >fit©^ 1/10HS7/10 ©fitt 

© fSffiHtS * »tf -5 c i: 11 i -3 T , fs#tS©iSiK!fi i: 4 

5° *j&:-r*(aft^ifii*e»afci: Afft-r 

[0 0 5 7] m 1 7 (a) &tf (b) (C^Lfe(4ffla« 
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1 0 6 a&itfl 0 6 bftlftttfc«Eft^Stt©a** 

018 £#!$LTaftBjr3-SoJ&JlJf © U Z^—i/ a 
3 6 0nm (ilfciUf ©i¥£ 4 . 5>unu ne = l. 5 
5, no=l. 4 7) CMb-C^fflJtlft^lqlO'J^T*- 
->3> (dpx (nx- (ny + nz) /2) A 5 S&£ 
{jfcfflM<t£ 1 0 6 aSff 10 6b Sffl^fe^oaSf* 
<&K;fctt5&»*© ; }E#lftc#tt£E 18 (a)" t^-fo 
fiifflM^conzffi^lpjCD'^^-i/ay (dpx 
(nx + ny) /2-nz) {±250 nm(:@SJ:b 
■fc. 018 (a) 4>©*«l0tt, <l^$4h4 5° ^iRlt 

^ (^©jgja^&ituT^i&fbufcfit) ^^-To 0 

18 (a) ©1^0^6 0° t:*ft4a3a*OfiS*'J^ 
f-y H yl:5tLT7D >y h tt^ISi 1 8 (b) C 

[0058] 018 (a) j&»e>fc>a > 5«fc-5C, fifflSlK 
1 0 6a&7j;i 0 6b£^:tt£^ (Onm) t§-£\ Sit 
iJ:45° #|6jfc:#t*Tlgft£ffl1" (0rt s :*;£<&3) 
i:. 2»*#±#U Ote»fiA J &£L) AJf&M*^** 
fffcftfcl*. GtfHSKl 0 6a C&V/Xtt 106b) 
£I9:W\ ^©V^— ~>3> (dpx (nx- (ny + 

nz) /2) sawaiacHsE-rscfcc^^T. 01 

8 (b) KLfeioC ji^*£-«'J>£i££;:i:A s -<:- 
§5. ISC fifcfflMS© ') 97-*/ a 3 6 nm 
(r«JM© U £-r— 3XD1/10) ~^2 5 2nm 
(rfoflJi©';*^— *>3>©7/l 0) ©ffilltc&S 
£:> 2Sa$sfc£fc:t3«J:-£0. 0 3£T[HS©T\ 9^60 

[0 0 5 9] ±*©2aa©tftfflS«l 0.4 afc 1 0 4 
bStFl 0 6 at 1 0 6blt 019 (a) £^Lfe« 
t; v e»^i3*TfflV^T*»«tV^ 019 (a) t^bfc 

fllt^C *e>tl, 019 (b) Stf (c) 

\Z7jk I- , 2 «S©{ftfflH* fc £ £ ^ 
K«*ffi^«^#tt&tf*"S2«H4{ftffl£«l 1 0 
aMAl 1 0bSflivvr*>Pl«ft«»ftttt&*»3 
d t A J T* 2 tt<D-ttttffifflSSlCft* , r 1 #© 2 

.il^TrgSo ; 

fo o""6 o ] ±m<Dmm&m-z:&. sseiri^- p ©m 

B £ « C * * BMH U * s , W l± - ti C PS 6 tl 
[0 0 6 1] 



[0 0 6 2] #SSi«©«li&^fSHUu 

u trffl©fsaa^s^^jit:?ijffl^fiSo 

[0®©II*&1$^] 

[01] *3SWKJ:S^*^«©l*£**«©»r® 
HS«SWt:^-rH-C»«. (a) tt«EJK9MinttMk 

(b) i,t^rsmm!±epi}n^m^^ti^n^-to 

^7hu v^mm i«*c*t£-rsf»«©±fflia-e 

[0 3] |tEfl^J»io»aa*«t«t:«*»iBisi«ES9iiin 

**ffofe*s**^-ria^*s. 
[0 4 ] *«i§©«sas«»Eaicfflt > e,ti5feitffi® 

{fe©#J&T;-r±ffi0T-&£<> 

, [0 5] *%0^©Ma*^§tcfflv^e>n-5^««@© 

[06] *»WCJ:««a*^«tfflV^6ftSTfy- 

-Y /V h U ? *Sf£© 1 ^«lC*ftt>r 5^©±®0T- 

[07] 06©VII-Vir ^iCf&ofcT^^-f rrvHJ 
?*Sf&©Bftffi0T-&3o 

[08] fQBKaB2©«S3^«E«C(frffla«Eftffl<in 

[0 9] ^Bg©fft^a^sscfflv^e)*is^«is© 
ffe©^J4*-r±B0T-$>So 
[010] #«ra©?im&*a*cffl^e>ft3ift*«tt 

©ffe©i5ijs^-r±®0"efes. 

[011] ^ , 7^?-y^e-Xt:«t5lfe3lMa«P , 3©*llM 

/ [012] ]iS# : PA>e>'3:£tttt^£#'f £T^-f ^ 
J/ vbiJ^^SffiffliffiitfeS. (a) tty-hEKLt 

tfettg&e^riE^nfcw*, (b) i±M»§m«aiE 

[013] HJBI5jB3©«ll3K««lC*raa«E*W 
[014] HJfi7T5«4©«StS^««t:*iail«E&«l 

[015] 5afi^»5©«a^*ii©*«ft«tsw(- 
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[016] (a) nsssmsvtfflmm io4as 
t>* i o 4 b*#-r*?sjia^*s«oai3ssMWBc*iW5 

»l*CDafttt#tt*^1-y777?a&S. (b) &, 
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